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Alterations of sucrose preference after Roux-en-Y gastric
bypass
Abstract
Roux-en-Y gastric bypass (gastric bypass) patients reportedly have changes in perception and
consumption of sweet-tasting foods. This study aimed to further investigate alterations in
sweet food intake in rats and sucrose detection in humans after gastric bypass. Wistar rats
were randomized to gastric bypass or sham-operations and preference for sucrose (sweet),
sodium chloride (salty), citric acid (sour) and quinine hydrochloride (bitter) was assessed with
standard two-bottle intake tests (vs. water). Intestinal T1R2 and T1R3 expression and plasma
levels of glucagon-like-peptide 1 (GLP-1) and peptide YY (PYY) were measured. Furthermore,
obese patients and normal weight controls were tested for sucrose taste detection thresholds
pre- and postoperatively. Visual analogue scales measuring hedonic perception were used to
determine the sucrose concentration considered by patients and controls as "just about right"
pre- and postoperatively. Gastric bypass reduced the sucrose intake relative to water in rats
(p<0.001). Preoperative sucrose exposure reduced this effect. Preference or aversion for
compounds representative of other taste qualities in naïve rats remained unaffected. Intestinal
T1R2 and T1R3 expression was significantly decreased in the alimentary limb while plasma
levels of GLP-1 and PYY were elevated after bypass in rats (p=0.01). Bypass patients showed
increased taste sensitivity to low sucrose concentrations compared with controls (p<0.05), but
both groups considered the same sucrose concentration as "just about right" postoperatively.
In conclusion, gastric bypass reduces sucrose intake relative to water in sucrose-naïve rats, but
preoperative sucrose experience attenuates this effect. Changes in sucrose taste detection do
not predict hedonic taste ratings of sucrose in bypass patients which remain unchanged. Thus,
factors other than the unconditional affective value of the taste may also play a role in
determining food preferences after gastric bypass.
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1 ABSTRACT 
 
2 Roux-en-Y gastric bypass (gastric bypass) patients reportedly have changes in perception and 
 
3 consumption of sweet-tasting foods. This study aimed to further investigate alterations in 
 
4 sweet food intake in rats and sucrose detection in humans after gastric bypass. Wistar rats 
 
5 were randomised to gastric bypass or sham-operations and preference for sucrose (sweet), 
 
6 sodium chloride (salty), citric acid (sour) and quinine hydrochloride (bitter) was assessed 
 
7 with standard two-bottle intake tests (vs. water). Intestinal T1R2 and T1R3 expression and 
 
8 plasma levels of glucagon-like-peptide 1 (GLP-1) and peptide YY (PYY) were measured. 
 
9 Furthermore,  obese  patients  and  normal  weight  controls  were  tested  for  sucrose  taste 
 
10 detection thresholds pre- and postoperatively.  Visual analogue scales  measuring hedonic 
 
11 perception were used to determine the sucrose concentration considered by patients and 
 
12 controls as “just about right” pre- and postoperatively. Gastric bypass reduced the sucrose 
 
13 intake relative to water in rats (p<0.001). Preoperative sucrose exposure reduced this effect. 
 
14 Preference or aversion for compounds representative of other taste qualities in naïve rats 
 
15 remained unaffected. Intestinal T1R2 and T1R3 expression was significantly decreased in the 
 
16 alimentary limb while plasma levels of GLP-1 and PYY were elevated after bypass in rats 
 
17 (p=0.01). Bypass patients showed increased taste sensitivity to low sucrose concentrations 
 
18 compared with controls (p<0.05), but both groups considered the same sucrose concentration 
 
19 as “just about right” postoperatively. In conclusion, gastric bypass reduces sucrose intake 
 
20 relative to water in sucrose-naïve rats, but preoperative sucrose experience attenuates this 
 
21 effect. Changes in sucrose taste detection do not predict hedonic taste ratings of sucrose in 
 
22 bypass patients which remain unchanged. Thus, factors other than the unconditional affective 
 
23 value of the taste may also play a role in determining food preferences after gastric bypass. 
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1 INTRODUCTION 
 
2 Patients after Roux-en-Y gastric bypass (gastric bypass) often report idiosyncratic changes in 
 
3 taste perception that involve “sweet” taste suggesting a selective reduction in food with high 
 
4 sugar  content  [1-6].  The  gustatory system  is  a  prime  candidate  as  a  contributor  to  the 
 
5 observed  effects.  It  remains  unclear,  however,  whether  such  changes  in  intake  are 
 
6 conditioned or unconditioned, and, even if taste-related, are attributable to changes in the 
 
7 intensity of the sensory signals generated by food or by their altered evaluation in so called 
 
8 “reward” circuits in the brain, or both [7-10]. Others have reported a reduced taste preference 
 
9 for sucrose solutions in obese CCK-1 receptor deficient OLETF rats after gastric bypass [10]. 
 
10 Furthermore,  a  significant  decrease  in  mean  licks  of  gastric  bypass  rats   for  high 
 
11 concentrations of sucrose solutions in a brief-access test has been demonstrated [7,9,10] 
 
12 suggesting a lower sensitivity or avidity for sucrose after gastric bypass. Other physiological 
 
13 mechanisms that should be considered include the visceral consequences of sucrose ingestion 
 
14 [11]. 
 
15 Potential mechanisms to explain altered intake of sweet foods and fluids, regardless of 
 
16 whether  central  or  peripheral  in  origin,  include  changes  in  the  T1R2  and  T1R3  taste 
 
17 receptors, which bind with natural and artificial sweeteners, in the mouth or gut [12] or 
 
18 altered gut hormone levels associated with gastric bypass, such as glucagon-like-peptide 1 
 
19 (GLP-1) and peptide YY (PYY), which can potentially influence appetite [13]. Mice lacking 
 
20 the  GLP-1  receptor  show  decreased  behavioural  responsiveness  to  sucrose  [14],  but  it 
 
21 remains to be fully elucidated whether circulating GLP-1 modulates peripheral (e.g., taste 
 
22 buds) or central (brain) gustatory function [15]. However, PYY and GLP-1 administration in 
 
23 rodents has also been shown to induce conditioned taste aversion by activation of brainstem 
 
24 neurons that mediate effects of aversive stimuli [16-18]. 
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1 There is also electrophysiological and behavioral evidence demonstrating that leptin 
 
2 decreases  responsiveness  specifically  to  sweeteners  [19-21].  Given  that  gastric  bypass 
 
3 surgery dramatically decreases  adipose  mass  and,  in  turn,  circulating  leptin  levels  [22], 
 
4 selective increases in taste sensitivity to sweeteners could be expected. 
 
5 Against  this  background  we  hypothesized  that  gastric  bypass  surgery  affects  the 
 
6 sucrose consumption in rats and humans partly by changing sweet taste function associated 
 
7 with sweeteners. We used a rat model to specifically assess the 24h preference in  two-bottle 
 
8 intake tests to investigate how gastric bypass rats treat different taste stimuli in the context of 
 
9 natural feeding and drinking; this test allowed us greater latitude in behavioural, endocrine, 
 
10 and molecular measurements while providing a logical bridge with reports of changes in 
 
11 human taste acceptability following gastric bypass surgery [23]. In this study we used taste 
 
12 compounds representing four of the commonly accepted  taste qualities, sucrose (sweet), 
 
13 sodium chloride (salty), quinine hydrochloride (bitter) and citric acid (sour). However, a 
 
14 possible confounding factor is that rats tend to consume less of a novel food or flavour than 
 
15 of familiar food, a phenomenon called neophobia [24], which can be enhanced in the context 
 
16 of  recent  visceral  malaise  [24].  We  therefore  investigated  the  potential  relevance  of 
 
17 preoperative sucrose experience to reduce sucrose intake relative to  water after  gastric 
 
18 bypass in a second group of rats.. We also examined oral-sensory sucrose taste-detection 
 
19 thresholds of patients and controls before and after gastric bypass by asking patients to taste, 
 
20 but  not  to  swallow  sucrose  solutions.  Taste  detection  thresholds  can  be  considered  an 
 
21 effective way to assess the functional status of oral-sensory receptors and the sensitivity of 
 
22 downstream gustatory circuits [23,25]. Although taste sensitivity has been shown to vary as a 
 
23 function  of  genetics  [e.g.  26,27],  pharmacological  treatment  [e.g.  28,29],  and  neural 
 
24 manipulations [e.g. 30], it does not necessarily directly relate to perceived suprathreshold 
 
25 intensity or hedonic responsiveness [25,31]. We therefore used a hedonic visual analogue 
 
5 
 6 
 
 
1 scale (VAS) to test what sucrose concentrations gastric bypass patients find "just about right" 
 
2 when they don't swallow the solution [32-34]. 
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1 METHODS 
 
2 Animal studies 
 
3 All experiments were performed under a license issued by the Home Office UK (PL 
 
4 70-6669) and male Wistar rats were operated as described before [35]. Rats were individually 
 
5 housed  under  a  12  hour  /12  hour  light-dark  cycle  with  lights  on  at  07:00  in  a  room 
 
6 temperature of 21±2 ºC and had ad libitum access to normal chow (RM1 diet, Special Diet 
 
7 Services Ltd, UK) and water unless otherwise stated. 
 
8 
 
9 Surgery 
 
10 After 1 week of acclimatization, the rats were randomized to gastric bypass or sham- 
 
11 operation.  Surgery  was  performed  according  to  an  established  protocol  as  previously 
 
12 described [35,36]. Briefly, rats were food deprived for 12 hours overnight, but water was 
 
13 available  ad  libitum.  Before  surgery,  rats  were  weighed,  and  then  anesthetized  with 
 
14 isofluorane  (4%  for  induction,  3%  for  maintenance).  Preoperatively,  amoxicillin  and 
 
15 flucoxacillin  (each  12.5  mg)  were  administered  intraperitoneally  (ip)  as  prophylaxis  for 
 
16 postoperative infection and pain relief. In the sham-operated group, a 7 mm gastrotomy on 
 
17 the anterior wall of the stomach and a 7 mm jejunotomy were performed with subsequent 
 
18 closure. In the gastric bypass group, the proximal jejunum was divided 15 cm distal to the 
 
19 pylorus to create a biliopancreatic limb. After identification of the caecum, the ileum was 
 
20 then followed proximally to create a common channel of 25 cm. Here, a 7 mm side-to-side 
 
21 jejuno-jejunostomy  between  the  biliopancreatic  limb  and  the  common  channel  was 
 
22 performed.  Operations  were  performed  on  rats  weighing  between  425-450g  in  our 
 
23 experiments, but a formal analysis of body composition (e.g. by CT scan) to confirm obesity 
 
24 and, in particular, visceral adiposity was not conducted. 
 
25 
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1 
 
2 Two-bottle intake tests in rats 
 
3 Postsurgical two-bottle intake tests were started 10 days after surgery when 
 
4 the  weight  loss  of  the  rats  had  plateaued.  Food  (g)  and  fluid  (ml)  intake  and  solution 
 
5 preference (%) were measured daily. For the two-bottle test involving sucrose, we calculated 
 
6 total energy intake as the sum of calories consumed as normal chow (3.5 kcal/g) and sucrose 
 
7 solution (4.1 kcal/g; 1.4 kcal/ml for 1000 mM solution). All solutions were prepared daily 
 
8 with deionized water and presented at room temperature. Test stimuli consisted of seven 
 
9 concentrations of sucrose (1, 3, 10, 30, 100, 300, 1000 mM), sodium chloride (15, 35, 73, 
 
10 150, 300, 600, 1200 mM), quinine hydrochloride (0.003, 0.01, 0.03, 0.1, 0.3, 1, 3 mM) and 
 
11 citric acid (0.1, 0.3, 1, 10, 30, 100 mM; all Sigma Aldrich, Dorset, UK) all of which were 
 
12 presented in ascending, non-randomized order. The rats were presented with two pre-weighed 
 
13 bottles, one of which contained deionized water and the other of which contained the test 
 
14 solution. Positions and content of the bottles were changed one hour after the start of the light 
 
15 phase and bottles were then weighed 24 hours thereafter. Rats were given access to the same 
 
16 concentration for two days and the positions of the bottles were switched each day to control 
 
17 for the development of a side preference. Preference scores (i.e., the relative intake of the 
 
18 taste solution vs. water) was quantitatively defined as: [intake of test solution (in ml) ⁄ total 
 
19 fluid intake (ml)] x 100.  With this type of measure, a score of 50% conventionally represents 
 
20 indifference between the two stimulus options (water and sucrose or sodium chloride or 
 
21 quinine hydrochloride or citric acid).  Preference scores, intake of test stimuli and water, food 
 
22 intake and energy intake during the two-bottle intake tests were analyzed with a two-way 
 
23 group (between subjects) x concentration (within subjects) analysis of variance (ANOVA). 
 
24 Post-hoc Bonferroni tests for each concentration were applied when there was a significant 
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1 group  x  concentration  interaction.  The  conventional  p≤0.05  was  used  as  the  statistical 
 
2 rejection criterion. 
 
3 Two groups of animals were subjected to a two-bottle intake tests as described above. 
 
4 Animals of the first group received two-bottle intake testing for the first time after surgery 
 
5 and were not presurgically exposed to specific taste solutions. After surgery, sham-operated 
 
6 controls and gastric bypass rats of this group were subdivided into rats that were tested first 
 
7 for  sucrose  and  then  for  sodium  chloride  and  rats  that  were  tested  first  for  quinine 
 
8 hydrochloride and then for citric acid. Animals of the second group received two-bottle 
 
9 intake tests for sucrose first before surgery and then again after gastric bypass surgery. To 
 
10 further investigate the role of sucrose experience before surgery, gastric bypass rats of the 
 
11 first group (without presurgical sucrose experience) were compared to gastric bypass rats of 
 
12 the second group (with presurgical sucrose experience). 
 
13 
 
14 Blood collection and Hormone assay 
 
15 Blood from ad libitum fed gastric bypass rats and sham-operated controls (each n=9) 
 
16 was collected on postoperative day 60 and GLP-1 and PYY concentrations were measured as 
 
17 described before [37,38]. 
 
18 
 
19 Measurement of T1R2 and T1R3 mRNA and protein expression in the small intestine 
 
20 brush-border membrane (BBM) of rats 
 
21 Intestinal segments were opened longitudinally, and the mucosa scraped off using 
 
22 glass slides and the resulting mucosa snap-frozen and stored at -80°C.  Intestinal brush border 
 
23 membrane (BBM) vesicles were subsequently prepared as previously described [39]. RNA 
 
24 was extracted from tissue, using Trizol, according to manufacturer’s instructions (Invitrogen, 
 
25 Paisley,  UK). RNA  was  reverse  transcribed  and  T1R  transcripts  were  measured  as 
 
9 
10  
 
 
1 previously described [39], with β-actin (GenBank accession number NM031144; forward 
 
2 position 937–955, reverse position 1223–1208) used as the house-keeping gene.  Expression 
 
3 of the Tasr2 and Tasr3, the protein products which form a functional hetrodimer binding with 
 
4 sweetener compounds, was measured, using specific intron-spanning primers designed from 
 
5 the  published  sequences  from  rat;  T1R2  (GenBank  accession  number  XM_00107479.1; 
 
6 forward  primer  position  3759-3778,  reverse  position  3923-3904)  and  T1R3  (GenBank 
 
7 accession number NM_130818.1; forward primer position 2107-2126, reverse position 2327- 
 
8 2308). 
 
9 The concentration of protein in the BBM vesicles was determined using the Bradford 
 
10 method [40]. For Western blotting, BBM samples (20-30 µg of protein) were prepared as 
 
11 previously described [39], using Rabbit polyclonal antibodies against T1R2 and 3 (Santa 
 
12 Cruz Biotechnology, USA).  Mouse mAb for β-actin were used as a loading control (Abcam, 
 
13 Cambridge,  UK).  The  comparative  delta  Ct  method  was  used  to  calculate  the  gene 
 
14 expression, relative to β-actin, and compared using Kruskal-Wallis. T1R2 and T1R3 protein 
 
15 expression values were calculated relative to β-actin and expressed as a ratio of control 
 
16 average (%).  The percentages for sham-operated and bypass rats were compared using the 
 
17 Mann-Whitney U test with p considered significant at ≤ 0.05. 
 
18 
 
19 Human studies 
 
20 All human studies were performed according to the principles of the Declaration of 
 
21 Helsinki.  The  Local  Research  and  Ethics  committee  approved  the  study  (reference: 
 
22 08/H0711/122). Exclusion criteria included presence of type 2 diabetes mellitus, pregnancy, 
 
23 breast  feeding,  smoking,  substance  abuse,  more  than  three  alcoholic  drinks  per  day, 
 
24 psychiatric illness and chronic medical conditions that would make it unsafe to have a general 
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1 anaesthetic.  Written  informed  consent  was  obtained  from  all  participants.  Laparoscopic 
 
2 gastric bypass was performed as previously described [41]. 
 
3 
 
4 Assessment of sucrose detection sensitivity in humans 
 
5 Nine obese subjects (8 female, 1 male) were investigated for sucrose sensitivity one 
 
6 week  before  and  two  months  after  gastric  bypass  surgery.  Nine  normal-weight  control 
 
7 subjects (7 female, 2 male) were also tested at similar time intervals. Detection tests for 
 
8 sucrose were all performed in the morning after an overnight fast starting at 23:00. Room 
 
9 temperature was kept constant at 21°C for all test sessions. All solutions were prepared daily 
 
10 using  the  same  still  natural  mineral  water  (Caledonian  Still  Natural  Mineral  Water, 
 
11 Sainsbury's Supermarkets Ltd., London, UK: pH 7.4, calcium 27 mg/l, chloride 6.4 mg/l, 
 
12 bicarbonate  103  mg/l,  magnesium  6.9  mg/l,  sodium  6.6  mg/l,  sulfates  10.6  mg/l)  and 
 
13 presented at room temperature. Seven sucrose (Sigma Aldrich, Dorset, UK) concentrations 
 
14 were used in this study: 2.1, 6.25, 12.5, 25, 50, 100 and 300 mM. Concentrations were tested 
 
15 in eight blocks with each block consisting of seven sucrose and seven water stimuli. Sucrose 
 
16 and water stimuli were presented in random order without replacement. Thus, each of the 
 
17 seven sucrose concentrations was presented once within a block. Water and sucrose stimuli 
 
18 (15 ml) were offered in polystyrene cups that were filled immediately before the test began. 
 
19 The subjects were given a period of five seconds to sample the stimulus in the mouth. 
 
20 Subjects  then  expectorated  the  sample  and  were  given  another  five  seconds  to  indicate 
 
21 whether the stimulus was water or not. If a subject reported that the stimulus was not water 
 
22 they were asked to describe the quality of the taste as sweet, sour, salty or bitter. These 
 
23 descriptors proved not to be very informative and thus were not analysed. Each stimulus was 
 
24 followed by a thorough ten second water rinse (30 ml), which was expelled before the next 
 
25 stimulus was offered. After four blocks, the assessment was interrupted with a 10-min rest 
 
11 
12  
 
 
1 period.  To  help  promote  maintained  vigilance,  the  patients  were  rewarded  for  correct 
 
2 responses with the presentation of a token and penalized by loss of a token for incorrect 
 
3 responses. 
 
4 
 
5 Data analysis for sucrose detection sensitivity in humans 
 
6 The sucrose detection study used the method of constant stimuli in which taste stimuli 
 
7 are  presented  randomly  and  performance  is  assessed  allowing  for  the  derivation  of  a 
 
8 psychometric function. A “hit” was defined as when the subject correctly reported that the 
 
9 stimulus was different from water when sucrose was presented.  A “false alarm” (FA) was 
 
10 defined as when the subject incorrectly reported that the stimulus was different from water 
 
11 when water was presented.  The hit rate for a given sucrose concentration was adjusted for 
 
12 the false alarm rate to derive a “corrected hit rate” using the following equation: 
 
 
 
Corrected  Hit Rate  = 
 
13 
P(hit) - P(FA) 
 
1.0 - P(FA) 
 
14 where P(hit) = the proportion of sucrose trials of a given concentration that were hits, P(FA) 
 
15 = the proportion of water trials that were false alarms.  Thus, when the uncorrected hit rate is 
 
16 equal to the false alarm rate, the corrected hit rate = 0.  The corrected hit rate values were 
 
17 subjected to various two-way analyses of variance (ANOVAs).  Because there was very little 
 
18 or no variance around the sample means for the highest three concentrations for the groups 
 
19 both  preoperatively and  postoperatively,  only the scores  for the lower  4  concentrations, 
 
20 representing the dynamic range of performance, were used in the ANOVAs.   In addition, 
 
21 concentration-response  curves  were  fit  to  the  corrected  hit  rate  values  for  each  subject 
 
22 preoperatively and postoperatively to derive a family of individual psychometric functions 
 
23 using the following logistic equation: 
 
 
 
12 
13  
 
 
 
 
f ( x) 
 
 
1 
 
a 
1  10
((log10 ( x )  c ) * b)
 
 
2 where log10(x) =  log10 concentration, a = the upper asymptote of performance, b = slope, and 
 
3 c = the log10 concentration at 1/2a performance (i.e. EC50).  We defined the c-parameter as 
 
4 the threshold because it represents the inflection point of the psychometric function and thus 
 
5 optimally represents lateral shifts in sensitivity. The shifts in c-parameters were analyzed in a 
 
6 one-way ANOVA.  Although all control subjects and patients were included in the analyses 
 
7 of corrected hit rate described above, one control subject and two patients had to be discarded 
 
8 from  the  c-value  analysis  because  either  their  preoperative  or  postoperative  curve  fits 
 
9 accounted for only 77% or less of the variance. All other subjects had curve fits that 
 
10 accounted for at least 85% of the variance (mean±se: 96.7±0.7%).  The conventional p≤0.05 
 
11 was used as the statistical rejection criterion. 
 
12 
 
13 Hedonic visual analogue scale to test the concentration reported as “just about right” 
 
14 Ten obese subjects (8 female, 2 male) were investigated with a VAS to test the 
 
15 concentration of sucrose that was “just about right” one week before and two months after 
 
16 gastric bypass surgery. Nine lean control subjects (7 female, 2 male) were also tested at 
 
17 similar time intervals. All tests were performed in the morning after an overnight fast starting 
 
18 at 23.00 h. Room temperature was kept constant at 21°C for all test sessions. All solutions 
 
19 were prepared daily using the same still natural mineral water as in the detection study and 
 
20 presented at room temperature. Seven sucrose (Sigma Aldrich, Dorset, UK) concentrations 
 
21 were used in this study: 0, 12.5, 25, 50, 100, 200 and 400 mM. Concentrations were tested in 
 
22 three blocks with each block consisting of seven sucrose samples presented in random order 
 
23 without replacement. Sucrose samples (15 ml) were offered in polystyrene cups that were 
 
 
13 
14  
 
 
1 filled immediately before the test began. Between sucrose concentrations subjects rinsed their 
 
2 oral cavity with 15 ml water. Subjects were given a period of five seconds to sample the 
 
3 stimulus in the mouth and then expectorated the sample. Subjects were asked to imagine their 
 
4 optimal sweetness and then given another five seconds to indicate the rating of the sample on 
 
5 the VAS which was a bipolar scale, 200 mm long with the ends anchored by the phrases “Far 
 
6 too sweet – I would never drink it” and “Far too little sweet- I would never drink it” whilst 
 
7 the midpoint anchoring was “Just About Right – My ideal sweetness in a soft drink”. The 
 
8 ratings  on  the  “just  about  right”  scale  were  analyzed  with  a  two-way  group  (between 
 
9 subjects) x concentration (within subjects) analysis of variance (ANOVA). A p-value ≤0.05 
 
10 was considered statistically significant. 
 
11 
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1 RESULTS 
 
2 Animal studies 
 
3 Body weight and food intake 
 
4 Data for body weight development and average daily food intake after surgery were 
 
5 pooled for all groups of rats, because data did not differ between the groups. Figure 1a shows 
 
6 that the preoperative body weight of all gastric bypass rats (441±8 g) and sham-operated rats 
 
7 (425± 9 g) was similar (p=0.17). After a short period of post-surgical weight loss, subsequent 
 
8 weight gain was constant and similar among sham-operated rats. After postoperative day 15 
 
9 until the end of the experiment on day 60 there was a difference in body weight between the 
 
10 two groups (day 15: sham: 426±8 g vs. bypass: 381±8 g, p<0.001; day 60: sham: 476±10 g 
 
11 vs. bypass: 372±11 g, p<0.001) that was associated with a lower average food intake for 
 
12 gastric bypass (21.7±0.5 g) rats relative to sham-operated rats (28.2± 0.2 g, p<0.001) (Figure 
 
13 1B). 
 
14 
 
15 Two-bottle intake test for sucrose in naïve rats after gastric bypass 
 
16 Sucrose intake 
 
17 Twenty-four hour intake for sucrose is shown in figure 2A. The values of the two-way 
 
18 ANOVA for sucrose intake are summarized in Table 1. Sham-operated and gastric bypass 
 
19 rats   significantly  increased   their   sucrose   intake   (in   ml)   within   the   24h   period   at 
 
20 concentrations  above  10  mM  (Repeated  Measures  ANOVA:  p<0.001  and  p=0.036, 
 
21 respectively). However, post-hoc comparisons at each concentration revealed that sham- 
 
22 operated rats consumed significantly more sucrose at each concentration of 10 mM or higher 
 
23 compared to gastric bypass rats (Figure 2A). 
 
24 
 
25 Water intake 
 
15 
16  
 
 
1 Twenty-four hour water intake is shown in figure 2B. The values of the two-way 
 
2 ANOVA  for  water  intake  are  given  in  Table  1.  Sham-operated  and  gastric  bypass  rats 
 
3 progressively decreased their water intake (in ml) within the 24h period with increasing 
 
4 sucrose concentrations (Repeated Measures ANOVA: p<0.001 and p<0.001, respectively). 
 
5 Furthermore, post-hoc comparisons at each concentration revealed that sham-operated rats 
 
6 consumed significantly more water at the 10 mM sucrose concentration, while gastric bypass 
 
7 rats consumed more water at the 300 mM sucrose concentration  (Figure 2B). 
 
8 
 
9 Preference Score 
 
10 Twenty-four hour preference scores for all four test solutions are shown in figure 2C 
 
11 and the outcomes of the 2-way ANOVAs can be found in Table 1. Post-hoc comparisons at 
 
12 each concentration revealed a significant difference in 24-h preference score ((sucrose intake 
 
13 /  total  intake)*100)  for  sucrose  between  sham-operated  and  gastric  bypass  rats  at 
 
14 concentrations above 10 mM; although sham-operated rats displayed robust preferences for 
 
15 sucrose relative to water at concentrations above 10 mM, gastric bypass rats were relatively 
 
16 indifferent (Figure 2C). 
 
17 
 
18 Energy intake 
 
19 Twenty-four  hour  data  for  total  caloric  intake  representing  the  sum  of  calories 
 
20 consumed as food and sucrose are shown in figure 2D. The values of the two-way ANOVA 
 
21 are summarized in Table 1. Post-hoc comparisons at each concentration revealed that sham- 
 
22 operated rats consumed significantly more calories at every tested sucrose concentration 
 
23 compared with gastric bypass rats (Figure 2D). Despite a decrease in chow intake, the sham- 
 
24 operated  rats  increased  their  total  caloric  intake  when  exposed  to  concentrations  of  the 
 
25 sucrose solutions above 30 mM.  In contrast, gastric bypass rats showed no significant change 
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1 in total energy intake which is accounted for by their relatively low sucrose intake (One-way 
 
2 ANOVA: p=0.349; data not shown). 
 
3 
 
4 Comparison of two-bottle intake tests for sucrose in gastric bypass rats with and without 
 
5 preoperative sucrose experience 
 
6 Sucrose intake 
 
7 Preoperatively, gastric bypass rats displayed a sucrose intake pattern that was similar 
 
8 to sham-operated controls (data not shown). Postoperative twenty-four hour sucrose intake of 
 
9 gastric bypass rats with and without preoperative sucrose experience is shown in figure 3A. 
 
10 The values of the two-way ANOVA are summarized in Table 2. Overall, gastric bypass rats 
 
11 with preoperative sucrose experience consumed more sucrose than gastric bypass rats without 
 
12 preoperative  sucrose  experience.  Moreover,  post-hoc  comparisons  at  each  concentration 
 
13 revealed that sucrose-experienced gastric bypass rats consumed more sucrose at 
 
14 concentrations of 3 mM, 30 mM, 100 mM and 300 mM when compared to gastric bypass rats 
 
15 without preoperative sucrose experience (Figure 3A). 
 
16 
 
17 Water intake 
 
18 Postoperative twenty-four hour water intake of gastric bypass rats with and without 
 
19 preoperative sucrose experience is shown in figure 3B. The values of the two-way ANOVA 
 
20 are summarized in Table 2. There was no difference in water consumption between gastric 
 
21 bypass rats with preoperative sucrose experience and gastric bypass rats without preoperative 
 
22 sucrose experience. 
 
23 
 
24 Preference Score 
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1 Postoperative twenty-four hour sucrose preference scores of gastric bypass rats with 
 
2 and without preoperative sucrose experience are shown in figure 3C. The values of the two- 
 
3 way ANOVA are summarized in Table 2. In general, gastric bypass rats with preoperative 
 
4 sucrose  experience  displayed  higher  sucrose  preference  scores  than  gastric  bypass  rats 
 
5 without preoperative sucrose experience. However, post-hoc comaprisons at each 
 
6 concentration revealed that sucrose-experienced gastric bypass rats had a higher sucrose 
 
7 preference score only at a concentration of 300 mM when compared with gastric bypass rats 
 
8 without preoperative sucrose experience (Figure 3C). 
 
9 
 
10 
 
11 Two-bottle intake tests for sodium chloride, quinine hydrochloride and citric acid in naïve 
 
12 rats after gastric bypass 
 
13 Intake 
 
14 Twenty-four hour intakes for all three test solutions are shown in the left column of 
 
15 figure  4.  The  values  of  the  statistical  analysis  for  intake  for  all  four  taste  stimuli  are 
 
16 summarized in Table 3.  There were no differences in intake of sodium chloride (Figure 4A), 
 
17 quinine hydrochloride (Figure 4C) or citric acid between sham-operated rats and gastric 
 
18 bypass rats (Figure 4E and Table 3). 
 
19 
 
20 Preference Scores 
 
21 Twenty-four hour preference scores for all three test solutions are shown in the right 
 
22 column of figure 4. The values of the two-way ANOVAs for preference for all three taste 
 
23 stimuli are summarized in Table 4. There was no difference in the 24-h preference scores for 
 
24 sodium chloride (Figure 4B), quinine hydrochloride (Figure 4D) or citric acid (Figure 4F and 
 
25 Table 4) between sham-operated rats and gastric bypass rats. 
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1 
 
2 
 
3 Energy intake 
 
4 Overall caloric intake was only analysed for rats that were in the sucrose study (Fig 
 
5 2E), as neither of the other test solutions contained significant amounts of calories. 
 
6 
 
7 Postprandial plasma levels of active GLP-1 and PYY 
 
8 Figure 1C demonstrates that gastric bypass rats had higher levels of GLP-1 (p<0.001) 
 
9 and PYY (p<0.001) in comparison to sham-operated controls. 
 
10 
 
11 Intestinal  mRNA  and  brush-border  membrane  protein  levels  of  sweet  taste  receptor 
 
12 subunits T1R2 and T1R3 
 
13 Figure 5 shows the mucosal levels of mRNA (A-C) and protein (D-F) for the two 
 
14 sugar binding receptor proteins, T1R2 and T1R3, in the corresponding duodenal, jejunal and 
 
15 ileal segments of sham- and bypass-operated rats, respectively. T1R2 mRNA expression was 
 
16 significantly lower in the biliopancreatic limb after gastric bypass in comparison with the 
 
17 duodenum of sham-operated rats (p<0.001). In contrast, there was no difference in T1R2 
 
18 mRNA expression in the alimentary limb and common channel of bypass rats compared with 
 
19 the proximal jejunum and terminal ileum in sham-operated rats. T1R3 mRNA expression was 
 
20 similar in gastric bypass rats and sham-operated rats in all examined parts of the small 
 
21 intestine. Consistent with the mRNA expression, there was a significant decrease in brush- 
 
22 border membrane protein expression of T1R2 in the biliopancreatic limb after gastric bypass 
 
23 when  compared  with  the  duodenum  of  sham-operated  rats.  Furthermore,  there  was  a 
 
24 significant decrease in both T1R2 and T1R3 protein levels in the alimentary limb after gastric 
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1 bypass.  There was no difference in T1R2/3 protein levels between the common channel of 
 
2 bypass rats and the ileum of sham-operated rats. 
 
3 
 
4 Human studies 
 
5 Body weight loss 
 
6 The nine patients after gastric bypass reduced their mean body weight from 120.6±5.4 kg to 
 
7 102.8±3.3 kg (p=0.012) within six weeks resulting in a BMI reduction from 44.8±1.8 to 
 
8 38.4±1.6  kg/m2  (p<0.001).  In  contrast,  the  nine  normal  weight  controls  with  a  BMI of 
 
9 22.0±1.0 kg/m
2 
kept a stable body weight (66.5±5.5 kg vs. 66.6±5.6 kg, p=0.99). For the 
 
10 visual analogue scaling study, the ten patients after gastric bypass had a mean body weight 
 
11 reduction from 117.4±7.2 kg to 103.4±6.5 kg (p<0.001) between the two test time points 
 
12 resulting in a BMI reduction from 42.7±1.7 to 37.7±1.7 kg/m
2 
(p<0.001). In contrast, the nine 
 
13 normal weight controls with a BMI of 22.4±0.9 kg/m
2 
had a similar body weight at the two 
 
14 tests (65.5±4.6 kg vs. 65.8±4.8 kg, p=0.33). 
 
15 
 
16 Corrected Hit Rate Analysis for sucrose taste detection 
 
17 The mean corrected hit rates (proportion of sucrose trials correct adjusted for false 
 
18 alarm rate; see above) for control subjects and patients pre- and postoperatively are displayed 
 
19 in Figure 6. Table 5 summarizes the two-way ANOVA values for comparison of corrected hit 
 
20 rates pre- and postoperatively between controls and patients. Preoperatively, there was a 
 
21 significant main effect of concentration (p<0.001), but no significant difference in corrected 
 
22 hit rates between controls and patients (p=0.71). There was also no statistically significant 
 
23 interaction  between  surgical  group  and  concentration  (p=0.28). Postoperatively,  gastric 
 
24 bypass  patients  had  significantly  higher  corrected  hit  rates  to  the  lowest  four  sucrose 
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1 concentrations compared with controls (p=0.046).  There was also a significant main effect of 
 
2 concentration (p<0.001), but no significant group x concentration interaction (p=0.37). 
 
3 Two-way ANOVA values of a within group comparison of performance as a function of 
 
4 concentration   and   time   are   shown   in   Table   6.   Postoperatively,   patients   performed 
 
5 significantly better than preoperatively (p=0.048).  There was also a significant main effect of 
 
6 concentration (p<0.001), but the interaction was not significant (p=0.64).   In contrast, the 
 
7 performance of controls  did  not  change postoperatively compared  with  the preoperative 
 
8 values (p=0.33). There was a main effect of concentration (p<0.001), but no significant 
 
9 interaction (p=0.73). 
 
10 
 
11 C-parameter analysis for sucrose taste detection 
 
12 Preoperatively, curves fit to the mean corrected hit rates for lean controls and obese 
 
13 patients produced remarkably similar c-values (EC50) of 10.8 mM sucrose for controls and 
 
14 11.0 mM sucrose for patients. Postoperatively, the c-values based on the curve fits for the 
 
15 mean corrected hit rates were: controls = 14.0 mM sucrose and gastric bypass patients = 7.8 
 
16 mM, suggesting that controls had ”thresholds” that were 1.8-times higher (i.e., less sensitive) 
 
17 than patients. The c-value of the curve fit of the mean corrected hit rate measured before 
 
18 surgery decreased (indicating greater sensitivity) by 1.4 times after gastric bypass surgery. 
 
19 The  preoperative  to  postoperative  shift  in  the  c-values  representing  the  EC50  of  the 
 
20 individual curve fits for the subjects who had fits that accounted for at least 85% of the 
 
21 variance was compared between the two groups (Figure 7).  Although the 0.21 log10 increase 
 
22 in the EC50 in controls (F((1,7)=5.014, p=0.061) and the 0.194 log10 decrease in the EC50 in 
 
23 patients (F(1,6)=5.54, p=0.057) relative to their preoperative values just missed the statistical 
 
24 rejection  criterion,  there  was  a clear difference  between  the relative shifts  in  the EC50 
 
25 between the two groups (F(1,13)=10.15, p=0.007). 
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1 
 
2 Hedonic visual analogue scale to determine the sucrose concentration which was “just 
 
3 about right” 
 
4 The taste acceptability ratings for control subjects and patients pre- and 
 
5 postoperatively are displayed in Figure 8. Table 7 summarizes the two-way ANOVA values 
 
6 for the hedonic ratings pre- and postoperatively between controls and patients as a function of 
 
7 surgical group and concentration. Before surgery, there was a significant main effect of 
 
8 concentration (p<0.001), but no significant difference in hedonic ratings between controls 
 
9 and patients (p=0.63). There was also no statistically significant interaction between surgical 
 
10 group and concentration (p=0.93).  After surgery, there was also a significant main effect of 
 
11 sucrose concentration (p<0.001), but no difference in hedonic ratings between controls and 
 
12 patients (p=0.59). There was also no significant interaction between surgical group and 
 
13 concentration (p=0.81). 
 
14 Two-way ANOVA values of a within group comparison of hedonic ratings as a 
 
15 function of concentration and time are shown in Table 8. Patients showed no difference in 
 
16 their taste acceptability ratings of the seven sucrose concentrations pre- and postoperatively 
 
17 (p=0.20). There was a significant main effect of sucrose concentration (p<0.001), but no 
 
18 significant time x concentration interaction (p=0.85). Hedonic ratings did just not differ 
 
19 between the two assessments of the normal weight group (p=0.06). There was a significant 
 
20 main  effect  of  sucrose  concentration  (p<0.001),  but  no  significant  time  x  concentration 
 
21 interaction (p=0.99). 
 
22 
 
23 
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1 DISCUSSION 
 
2 We demonstrated that gastric bypass reduced sucrose intake relative to water (i.e., 
 
3 preference score) in rats, but preoperative sucrose exposure attenuated this effect.  There was 
 
4 no change in salt, bitter and sour preference scores after gastric bypass. We further confirmed 
 
5 that gastric bypass in rats, as in humans, leads to increased postprandial levels of GLP-1 and 
 
6 PYY [42,43]. Changes in the small bowel in both mRNA and tissue protein levels of the 
 
7 sugar binding receptor proteins T1R2 and T1R3, which form a heterodimer that binds with 
 
8 natural and artificial sweeteners, were observed. 
 
9 We also investigated changes in sucrose taste detection thresholds in humans as one 
 
10 basic aspect of the status of taste function and found that gastric bypass patients detected 
 
11 lower  concentrations  of  sucrose  when  compared  to  normal  weight  controls.  The  prior 
 
12 literature is equivocal on whether changes in taste sensitivity to sucrose occur after gastric 
 
13 bypass. Scruggs et al. reported a tendency for sucrose detection and recognition thresholds to 
 
14 decrease after gastric bypass but this failed to reach significance [5]. In their procedure, a 
 
15 single drop was placed on the anterior tongue three times. One of those drops was a taste 
 
16 solution and the other two were water and the subject was asked to report whether there was a 
 
17 difference between the three drops and this was considered the detection threshold. The 
 
18 concentration at which the subjects could correctly identify the characteristic taste quality of 
 
19 the  stimulus  was  considered  the  recognition  threshold.  This  technique,  however,  only 
 
20 stimulates a limited number of taste buds. Burge et al. used a staircase method of stimulus 
 
21 presentation and found that sucrose recognition thresholds significantly decreased [44].   In 
 
22 contrast to previous experiments, we used the method of constant stimuli in which taste 
 
23 stimuli were presented randomly and performance was assessed across a set of concentrations 
 
24 allowing for derivation of a psychometric function. Moreover, subjects obtained feedback by 
 
25 receiving  tokens  for  correct  responses  and  losing  tokens  for  incorrect  responses  which 
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1 appeared to keep subjects vigilant and motivated in this game-like competitive setting. Using 
 
2 this novel approach, we confirmed that patients, after gastric bypass, can detect lower sucrose 
 
3 concentrations compared both with their preoperative performance and with that of lean 
 
4 control subjects. 
 
5 We confirmed that gastric bypass increases postprandial levels of the L-cell hormones 
 
6 GLP-1 and PYY in rats which have been shown to reduce hunger and enhance satiation 
 
7 [36,45,46].  In  addition,  increased  plasma  GLP-1  levels  may  be  consistent  with  our 
 
8 observation  of  a  reduction  in  sucrose  taste  detection  thresholds  after  gastric  bypass  in 
 
9 humans. GLP-1 is  expressed in  murine taste bud cells  and is  considered  as a potential 
 
10 paracrine modulator of the peripheral gustatory apparatus, as GLP-1 receptors are found on 
 
11 intragemmal taste afferent nerve fibers [14,47]. GLP-1 receptor knock-out mice have been 
 
12 reported to be less responsive to low sucrose concentrations in a brief-access licking test. 
 
13 Thus,  sufficiently  high  plasma  levels  of  GLP-1  may  affect  peripheral  taste  signalling. 
 
14 Reception and transduction of sweet-tasting compounds has been shown to involve, in part, 
 
15 α-gustducin and the sugar binding receptor subunit T1R3 [48-50], but these proteins also 
 
16 partly mediate the glucose-dependent GLP-1 secretion from enteroendocrine L cells of the 
 
17 gut [15].   The close cellular and functional relationship of GLP-1, T1R3, and α-gustducin 
 
18 may allow the elevated levels of GLP-1 seen after gastric bypass to influence T1R-related 
 
19 signal pathways  at multiple levels. Decreased detection thresholds  in humans seen after 
 
20 gastric bypass are consistent with this possibility. 
 
21 Increased sweet taste sensitivity in patients after gastric bypass is also in agreement 
 
22 with recent findings demonstrating that some taste receptor cells are a target of the adipose- 
 
23 derived hormone leptin. Kawai et al. showed that intraperitoneal leptin injections in lean mice 
 
24 suppressed responses of peripheral taste nerves to sucrose and saccharine without affecting 
 
25 other taste qualities [51]. This effect was absent in db/db mice which have no leptin receptors 
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1 [51]. Furthermore, taste bud cells of lean mice expressed mRNA of the leptin receptor [52] 
 
2 suggesting that leptin may not only control food intake and energy expenditure, but also 
 
3 modulate taste sensing of sweeteners [21]. As gastric bypass dramatically decreases white 
 
4 adipose tissue, the main source of leptin [22], one would expect selective increases in taste 
 
5 sensitivity to sweeteners after this type of operation, which we found here. 
 
6 Threshold measures do not necessarily correlate with suprathreshold sensitivity [31] 
 
7 and thus may not accurately reflect the hedonic evaluation of higher concentrations of taste 
 
8 stimuli. Accordingly, we complemented our measures of sucrose taste sensitivity in humans 
 
9 with a visual analogue scale that is designed to estimate the sucrose concentration that is “just 
 
10 about right” [32-34]. This scale has been introduced by Conner et al. who showed that 
 
11 acceptability ratings were usually linear against log sugar concentration [32]. Furthermore, it 
 
12 allowed us to assess the relative taste acceptability of a wide range of suprathreshold sucrose 
 
13 concentrations, while keeping potential confounding postingestive factors to a minimum as 
 
14 all samples only contacted the oral cavity and were not swallowed. The “just about right” 
 
15 VAS has been used extensively in sensory consumer testing and marketing research because 
 
16 it  effectively  links  taste  compound  concentration  with  acceptance  and  thus  provides 
 
17 information on the affective value of the stimulus [32-34]. 
 
18 Despite an increased sensitivity to detect sucrose at lower concentrations, we were 
 
19 surprised to find no difference in hedonic ratings of sucrose solutions by patients after gastric 
 
20 bypass compared to the same patients prior to surgery. This discrepancy could be due to a 
 
21 potential lack of correspondence between sucrose detection thresholds on one hand and the 
 
22 perceived intensity of suprathreshold sucrose concentrations on the other hand [31]. We also 
 
23 cannot dismiss the possibility that other scaling procedures than the “just about right” VAS 
 
24 for measuring the hedonic value of taste stimuli might reveal effects of gastric bypass on 
 
25 sucrose acceptability [53]. Here, the “just about right” VAS was unable to differentiate 
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1 normal-weight  and  obese  humans  which  is  in  contrast  to  other psychophysical  tools  as 
 
2 described by Bartoshuk and colleagues [31,53]. However, at least with the scale employed 
 
3 here there was no evidence of a postoperative change in sweet taste acceptability in gastric 
 
4 bypass  patients.  While  this  deserves  further  attention  in  future  experiments,  our  results 
 
5 suggest that changes in food preference observed after gastric bypass might not represent a 
 
6 fundamental shift in hedonic evaluation of food, but may be more related to other factors 
 
7 such as postingestive events and learning. 
 
8 The rats in our study displayed a decreased relative and absolute sucrose intake. . This 
 
9 is in line with recent findings of others showing decreased taste preference for sucrose 
 
10 solutions in gastric bypass rats compared with intact sham-controls [7-10]. However, this 
 
11 effect was clearly attenuated in bypass rats that had preoperative sucrose experience. In fact, 
 
12 gastric bypass rats with preoperative sucrose experience showed a sucrose intake pattern after 
 
13 surgery that was similar to that of sham-operated rats. In contrast, there was no change in 
 
14 NaCl, quinine, and citric acid preferences after gastric bypass.  To the best of our knowledge, 
 
15 our study is the first to use the two-bottle preference test to comprehensively investigate how 
 
16 gastric bypass  rats  treat  prototypical  taste  stimuli  in  the context  of natural  feeding  and 
 
17 drinking as well as to test the impact of presurgical sucrose experience on postsurgical 
 
18 preference for this sugar solution. Of note, operations were performed on rats weighing 
 
19 around 450g in our experiments and a formal analysis of body composition (e.g. by CT scan) 
 
20 to confirm obesity was not conducted. Thus, we cannot exclude the possibility that observed 
 
21 differences between studies may also be due to different levels of total or abdominal obesity 
 
22 of rats used in different studies. 
 
23 Furthermore, pre-surgical sweet taste experience seems also to be an important factor 
 
24 at least in rats. This is of course very difficult to test in humans as it would be difficult to find 
 
25 candidates for gastric bypass surgery without any sweet taste experience prior to surgery. 
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1 Thus, a direct comparison remains difficult as the methods used are not easily translatable as 
 
2 they  measure  different  aspects  of  sweet  taste  related  behaviour  in  rats  and  humans.  It 
 
3 certainly would be instructive to assess sweet taste sensitivity and discrimination independent 
 
4 of the motivational properties of the stimulus in gastric bypass and sham-operated rats, for 
 
5 example by a two-response operant taste discrimination procedure. Moreover, 
 
6 electrophysiological recordings from the greater superficial petrosal nerve, a nerve shown to 
 
7 be notably responsive to sucrose, in response to a range of sucrose concentrations in both 
 
8 sham-operated and gastric bypass rats might also be helpful. In other words, gastric bypass 
 
9 rats may also be able to detect lower sucrose concentrations than sham-operated controls, but 
 
10 this may not necessarily result in a shift of relative sucrose intake in a two-bottle test setting. 
 
11 There are several potential mechanisms that could underlie the selective effects of 
 
12 gastric bypass on sucrose preference in rats and these are not necessarily mutually exclusive. 
 
13 First,  reduced  sucrose  preference  after  gastric  bypass  could  be  related  to  alterations  in 
 
14 peripheral  or  central  gustatory  processes.  For  example,  Hajnal  et  al [10]  performed 
 
15 extracellular single neuron recordings in the pontine parabrachial nucleus (PBN), which is the 
 
16 second central relay in the ascending gustatory system of rodents. Taste neurons from obese 
 
17 CCK-1 receptor-deficient OLETF rats were more responsive to oral stimulation with high 
 
18 concentrations of sucrose compared with those from lean controls, but this was reversed by 
 
19 gastric  bypass  such  that  neural  responsiveness  between  the  two  groups  were  similar. 
 
20 Although the origin of this effect could still be peripheral, these results demonstrate that the 
 
21 consequences of gastric bypass can be seen in a critical nucleus of the central taste pathway 
 
22 [10].   Data from our human experiments suggest that sucrose taste sensitivity is enhanced 
 
23 after gastric bypass, but we did not explicitly measure this in our rats.  Nevertheless, even if 
 
24 changes in threshold translated into more intense sensations at higher sucrose concentrations 
 
25 in gastric bypass rats, it is unclear why this would result in decreased preference.  In fact, one 
 
27 
28  
 
 
1 would expect to see a greater preference for the lower sucrose concentrations in gastric 
 
2 bypass rats, but this did not occur. Thus, despite the fact that the perceived taste intensity of 
 
3 sucrose might actually be greater in gastric bypass rats, it appears likely that  additional 
 
4 factors play a role. 
 
5 A second possibility is that the lower preference of gastric bypass rats for higher 
 
6 sucrose solutions may be induced by postingestive consequences producing visceral malaise 
 
7 [54]. Such negative postingestive effects might be mediated by increased postprandial levels 
 
8 of GLP-1 and PYY as both hormones activate neurons in the area postrema (AP) and the 
 
9 intermediate nucleus tractus solitarius (NTS) [16], hence in brainstem areas that are known to 
 
10 mediate effects of certain aversive stimuli [16]. In addition, peripheral administration of PYY 
 
11 [16], central administration of GLP-1 [17,18] and peripheral administration of the GLP-1 
 
12 receptor agonist exendin-4 (unpublished observations) have been shown to cause conditioned 
 
13 taste aversion in mice and rats, respectively. 
 
14 It is important to note that gastric bypass rats with no preoperative sucrose experience 
 
15 still ingested approximately half of their total fluid intake from sucrose when exposed to the 
 
16 highest concentration and that bypass rats with presurgical sucrose exposure displayed an 
 
17 even higher sucrose intake. Thus, we believe that severely aversive consequences are unlikely 
 
18 to be the sole explanation for reduced sucrose preference after gastric bypass in rats. This is 
 
19 in line with previous brief-access licking and taste reactivity findings reported by others [7- 
 
20 10]  demonstrating  reduced  avidity  to  concentrated  sugar  solutions  after  gastric  bypass 
 
21 surgery which are not readily explained by post-ingestive factors. 
 
22 Alternatively, it seems possible that perhaps the normal satiating potency of sucrose is 
 
23 enhanced  by  gastric  bypass. It  is  tempting  to  speculate  that  the  altered  expression  of 
 
24 intestinal T1R2 and T1R3 receptor proteins after gastric bypass affected nutrient sensing in 
 
25 the gut with associated consequences on satiation processes. However, the role of intestinal 
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1 T1R2 and T1R3 receptors in sugar preference or intake remains debatable. For example, it 
 
2 has been reported that T1R3 knockout mice develop strong preferences for flavors paired 
 
3 with intragastric sugar infusions suggesting that sugar binding gut receptors do not directly 
 
4 influence sugar intake and preference [55]. 
 
5 Finally, the potential contribution of learning processes affecting sucrose preference 
 
6 and  intake  after  gastric  bypass  should  not  be  ignored.  In  our  study,  the  rats  that  had 
 
7 presurgical sucrose experience appeared to be refractory to the suppressive effects of gastric 
 
8 bypass on preferences for low and midrange concentrations of sucrose in a two bottle test; 
 
9 this suggests that some form of learning may have influenced the behaviour. It has been 
 
10 previously shown that rats and other animals can initially display reduced intake of and 
 
11 preference for novel tasting foods and fluids. This phenomenon is referred to as neophobia 
 
12 [56]. Neophobia can also be enhanced if the rat has encountered a recent experience of 
 
13 visceral malaise [57]. In addition to neophobia, it is well documented that rats can learn, in a 
 
14 single  trial,  to  avoid  consumption  of  novel  tasting  foods  and  fluids  when  ingestion  is 
 
15 followed by certain types of visceral distress such as that caused by administration of agents 
 
16 known to elicit nausea in humans [24,58].  This can occur even when there is up to a 12 h 
 
17 delay between ingestion and illness and in many cases requires only a single pairing [24,59]. 
 
18 However, taste novelty is a key component; it is much more difficult to condition taste 
 
19 aversion to familiar tasting substances [24,60].  The adaptive significance of these processes 
 
20 requires little defence especially in a species such as the rat which is incapable of vomiting 
 
21 [61]. Given  that  taste  novelty  is  a  critical  feature  in  demonstration  of  neophobia  and 
 
22 conditioned taste aversion, it is possible that either of these processes, or even both, underlie 
 
23 the differences in the effects of gastric bypass on sucrose preference seen in animals with vs. 
 
24 without presurgical experience with this taste stimulus [24]. 
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1 In conclusion, gastric bypass increases the oral sensitivity to detect sucrose in humans 
 
2 and reduces sucrose preference especially in rats without presurgical test experience with 
 
3 sucrose. Gastric bypass also lead to changes in sugar-binding taste receptors in the gut and to 
 
4 increased levels of GLP-1 after gastric bypass. Postingestive factors together with increased 
 
5 sensitivity to detect lower concentrations of sucrose in the mouth as well as learning may 
 
6 explain changes in food preference seen after gastric bypass. It will be important for future 
 
7 work to examine whether gastric bypass alters taste detection thresholds in the rat model, 
 
8 which   allows   for   more   systematic   and   targeted   manipulations   aimed   at   revealing 
 
9 mechanisms.   Further   elucidation   of   mechanisms   by   which gastric   bypass   reduces 
 
10 consumption of high-caloric foods may help in development of novel surgical and non- 
 
11 surgical therapeutic interventions that will promote safer and more effective weight loss. 
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1 LEGENDS 
2 
 
3 Figure 1: (A) Body weight change for all gastric bypass (-o-) (n=20) and sham-operated rats 
 
4 (-■-) (n=20) throughout the complete observation period of 60 days. (B) Average daily food 
 
5 intake of sham-operated rats (n=20, white) and gastric bypass rats (n=20, black) throughout 
 
6 the 60 day period. (C) Baseline GLP-1 and PYY level for nine sham-operated rats (white) 
 
7 and nine gastric bypass rats (black). Data are shown as mean values ± SEM (*** = p<0.001). 
 
8 
 
9 Figure 2: Postoperative two-bottle intake test for sucrose in experimentally naïve gastric 
 
10 bypass rats (n=10, -■-) and sham-operated rats (n=11, -□-); (A) 24 hour sucrose and (B) 
 
11 water intake; (C) 24 hour sucrose preference scores and (D) total energy intake (chow plus 
 
12 sucrose) during the postoperative two-bottle intake test. Data are shown as mean values ± 
 
13 SEM with differences between gastric bypass rats and sham-operated rats. When two-way 
 
14 ANOVA revealed a significant group x concentration interaction, post-hoc Bonferroni test 
 
15 was used for concentration to concentration analysis between the two groups (*=p<0.05, ** = 
 
16 p<0.01, *** = p<0.001). 
 
17 
 
18 Figure 3: Two-bottle intake tests for sucrose in gastric bypass rats with (n=7, -■-) and 
 
19 without (n=10, -□-) preoperative sucrose experience; (A) 24 hour sucrose and (B) water 
 
20 intake and (C) 24 hour sucrose preference scores. Data are shown as mean values ± SEM 
 
21 with  differences  between  gastric  bypass  rats  and  sham-operated  rats.  When  two-way 
 
22 ANOVA revealed a significant group x concentration interaction, post-hoc Bonferroni test 
 
23 was used for concentration to concentration analysis between the two groups (*=p<0.05, *** 
 
24 = p<0.001). 
 
25 
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1 
 
2 Figure 4: Postoperative two-bottle intake tests in experimentally naïve gastric bypass rats 
 
3 (n=10, -■-) and sham-operated rats (n=11, -□-); (A) 24 hour sodium chloride intake and (B) 
 
4 preference score; (C) 24 hour quinine hydrochloride intake and (D) preference score; (E) 24 
 
5 hour citric acid intake and (F) preference score. Data are shown as mean values ± SEM with 
 
6 differences between gastric bypass rats and sham-operated rats. 
 
7 
 
8 Figure 5: T1R2 and T1R3 mRNA expression (A-C) and brush-border membrane protein 
 
9 levels (D-F) in the biliopancreatic (Bilio), alimentary (Alim) and common channel (Co) of 
 
10 gastric bypass rats (black) in comparison with correspondent sections of duodenum (Duo), 
 
11 jejunum (Jej) and ileum (Ileum) of sham-operated rats (white) (n=4-6 per group). Relative 
 
12 gene expression is represented as delta delta Ct mean values ± SEM (*** = p<0.001). 
 
13 
 
14 Figure 6: Mean (± SEM) corrected hit rate for patients (filled circles) and controls (open 
 
15 circles)  preoperatively  (top)  and  postoperatively  (bottom)  as  a  function  of  sucrose 
 
16 concentration.  Curves were fit to the mean data points using equation 2 in text.  The EC50 
 
17 was derived from the c-parameter in the curve fit and represents the concentration at which 
 
18 the corrected hit rate reaches 50% of the maximum asymptote. 
 
19 
 
20 Figure 7: Shifts in the EC50 preoperatively vs. postoperatively for individual patients (black) 
 
21 and control subjects (gray) and their respective means (± SEM).  Bars above zero represent 
 
22 rightward shifts in the detectability function indicating a decrease in sensitivity.  Bars below 
 
23 zero represent leftward shifts in the detectability function indicating an increase in sensitivity. 
 
24 Asterisk represents significant difference compared with control shift (p=0.007). 
 
25 
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1 Figure 8: Ratings on a hedonic visual analogue scale to determine the sucrose concentration 
 
2 which was considered “Just-about-Right” for patients (filled circles, n=10) and controls (open 
 
3 circles,  n=9)  preoperatively (top)  and  postoperatively (bottom)  as  a  function  of  sucrose 
 
4 concentration. The ideal sweet concentration was defined as the point at which the plotted 
 
5 line intersects the x axis. 
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TABLES 
 
Table 1: Two-way ANOVA values for sucrose intake, water intake, and sucrose preference 
scores during the two-bottle intake tests in naïve rats as a function of sucrose concentration 
and surgical group. 
 
  
Concentration 
 
Surgical group 
Concentration 
 
Surgical group 
Sucrose intake F(6,276)=38.06; p<0.001 F(1,276)=189.05; p<0.001 F(6,276)=18.59; p<0.001 
Water intake F(6,276)=17.08; p<0.001 F(1,276)=0.01; p=0.919 F(6,276)=5.53; p<0.001 
Sucrose preference score F(6,276)=10.28; p<0.001 F(1,276)=62.10; p<0.001 F(6,276)=6.65; p<0.001 
Energy intake F(6,276)=14.11; p<0.001 F(1,276)=347.1; p<0.001 F(6;276)=16.12; p<0.001 
 
 
 
 
 
Table 2: Two-way ANOVA values sucrose intake, water intake, and sucrose preference 
scores for comparison of the two-bottle intake tests for sucrose in rats with and without 
preoperative sucrose experience as a function of concentration and sucrose experience 
 
  
Concentration 
 
Experience 
Concentration 
 
Experience 
Sucrose intake F(6,220)=8.78; p<0.001 F(1,220)=83.88; p<0.001 F(6,220)=2.75; p=0.013 
Water intake F(6,220)=4.87; p<0.001 F(1,220)=5.40; p=0.021 F(6,220)=0.55; p=0.772 
Sucrose preference score F(6,220)=2.64; p=0.017 F(1,220)=20.02; p<0.001 F(6,220)=0.87; p=0.517 
 
 
 
 
Table 3: Two-way ANOVA values for intake during the two-bottle intake tests in naïve rats 
as a function of concentration and surgical group for sodium chloride, for quinine 
hydrochloride and for citric acid. 
 
  
Concentration 
 
Surgical group 
Concentration 
 
Surgical group 
Sodium Chloride F(6,266)=43.78; p<0.001 F(1,266)=1.89; p=0.170 F(6,266)=0.54; p=0.778 
Quinine hydrochloride F(6,251)=34.50; p<0.001 F(1,251)=0.97; p=0.325 F(6,251)=1.31; p=0.255 
Citric Acid F(6,236)=35.22; p<0.001 F(1,236)=1.89; p=0.171 F(6;236)=1.62; p=0.142 
 Table 4: Two-way ANOVA values for preference scores during the two-bottle intake tests in 
naïve rats as a function of concentration and surgical group for sodium chloride, for quinine 
hydrochloride and for citric acid. 
 
  
Concentration 
 
Surgical group 
Concentration 
 
Surgical group 
Sodium Chloride F(6,266)=100.45; p<0.001 F(1,266)=0.12; p=0.725 F(6,266)=0.31; p=0.933 
Quinine hydrochloride F(6,251)=49.08; p<0.001 F(1,251)=2.05; p=0.153 F(6,251)=0.35; p=0.907 
Citric Acid F(6,236)=18.77; p<0.001 F(1,236)=0.11; p=0.736 F(6;236)=1.94; p=0.076 
 
 
Table 5: Two-way ANOVA values for comparison of corrected hit rates pre- and 
postoperatively between controls and patients as a function of concentration and surgical 
group 
 
  
Concentration 
 
Surgical group 
Concentration 
 
Surgical group 
preoperative F(3,48)=59.5, p<0.001 F(1,16)=0.14, p=0.71 F(3,48)=1.31, p=0.28 
postoperative F(3,48)=60.3, p<0.001 F(1,16)=4.679, p=0.046 F(3,48)=1.07, p=0.37 
 
 
 
 
 
Table 6: Two-way ANOVA values for comparison of corrected hit rates for controls and 
patients as a function of concentration and time 
 
  
Concentration 
 
Time 
Concentration 
time 
controls F(3,24)=188.5, p<0.001 F(1,8)=1.07, p=0.33 F(3,24)=0.442, p=0.73 
patients F(3,24)=44.43, p<0.001 F(1,8)=5.42, p=0.048 F(3,24)=0.56, p=0.64 
 Table   7:   Two-way   ANOVA   values   for   comparison   of   hedonic   ratings   pre-   and 
postoperatively for patients and controls as a function of concentration and surgical group 
 
  
Concentration 
 
Surgical group 
Concentration 
 
Surgical group 
preoperative F(6,102)=78.11; p<0.001 F(1,102)=0.24; p=0.63 F(6,102)=0.32; p=0.93 
postoperative F(6,102)=105.3; p<0.001 F(1,102)=0.30; p=0.59 F(6,102)=0.49; p=0.81 
 
 
 
 
 
Table 8: Two-way ANOVA values for comparison of hedonic ratings for patients and 
controls between as a function of concentration and time 
 
  
Concentration 
 
Time 
Concentration 
time 
controls F(6,56)=39.21; p<0.001 F(1,56)=3.74; p=0.06 F(6,56)=0.10; p=0.99 
patients F(6,63)=41.60; p<0.001 F(1,63)=1.69; p=0.20 F(6,63)=0.44; p=0.85 
 
